Current World Health Organization classification of endometrial hyperplasia is problematic because of poor diagnostic reproducibility. We sought to determine factors that cause diagnostic disagreement in a review of 2601 endometrial specimens. Blinded random specimens of normal endometrium, hyperplasias, and carcinoma were reviewed by 2 pathologists, with review by a third pathologist in cases with disagreement. All cases of endometrial hyperplasia or carcinoma were scored for degree of glandular crowding, architectural complexity, and cytologic atypia. Sample adequacy, hyperplasia volume, presence of metaplasia, or endometrial polyp were also scored. The overall k for agreement was 0.71, with a lower k of 0.36 when cases called ''no hyperplasia'' were excluded. The percent specific agreement was 90.3% for no hyperplasia, 31.1% for simple hyperplasia, 51.1% for complex hyperplasia, 49.8% for atypical hyperplasia, and 57.5% for adenocarcinoma. Cases categorized as ''low volume hyperplasia'' had more diagnostic disagreement than ''high volume,'' (62% vs. 39%, P = 0.003). Similarly, cases called ''scant'' had more diagnostic disagreement than ''not scant'' (65% vs. 57%, P = 0.013). The histologic feature associated with the most diagnostic disagreement was cytologic atypia (P<0.0001). Architectural crowding, architectural complexity, or the presence of a polyp were all associated with diagnostic disagreement (P<0.0001). High diagnostic disagreement in endometrial hyperplasia is related to both sample adequacy and interpretation of histologic features present. Although obtaining additional tissue may increase diagnostic reproducibility, differences in interpretation of key histologic features like cytologic atypia remain major factors contributing to diagnostic disagreement.
V arious classification schemes and terminology have been applied to the endometrium, all of which have relatively poor diagnostic reproducibility. 3, 4, 6, 7, 9, 12, 22, 24 The currently accepted World Health Organization (WHO) terminology separates endometrial proliferations into simple or complex hyperplasia on the basis of architectural features and typical or atypical on the basis of cytologic features as originally defined by Kurman et al 12 in 1985. This terminology was adopted by the WHO because of a reported increased risk of progression of lesions classified as complex hyperplasia with atypia to carcinoma in contrast to lesions diagnosed as hyperplasia without atypia (23% of cases of atypical hyperplasias progressed whereas only 2% of those without atypia progressed, within a mean follow-up of 13.4 y). 12 Other studies have also reported the highest risks of progression to carcinoma in the atypical hyperplasia group, and the highest risk of persistence despite hormonal therapy. 10 A recent prospective study also found that 43% of women with a diagnosis of atypical hyperplasia had concurrent carcinoma in hysterectomies performed within 12 weeks of diagnosis with no intervening therapy. 23 These results suggest that a diagnosis of ''hyperplasia with atypia'' is a reliable predictor of women at high risk for subsequent or concurrent endometrial carcinoma. Currently, in the United States, a diagnosis of atypical hyperplasia usually leads to a recommendation of hysterectomy, rather than a trial of hormonal therapy. However, how reliably and how reproducibly can pathologists make this diagnosis?
Previous studies evaluating the diagnostic reproducibility of the 1994 WHO system (the categories of which remained unchanged in the current 2003 WHO system), reported k values for overall interobserver agreement in diagnosing endometrial hyperplasia ranging from 0.2 to 0.7. 2, 11, 20, 25 The diagnosis of atypical hyperplasia was found to be the least reproducible category, with k values ranging from 0.28 to 0.65 or percent agreement as low as 25%. Various reasons for the poor reproducibility of these categories have been proposed including variably applied criteria for the diagnosis of atypia, limited samples, and complicating features such as metaplasia or polyps. But importantly, specific factors involved in diagnostic disagreement have not been systematically evaluated. In addition, some of the previous studies have suffered from inadequate documentation of methodology and low number of cases reviewed. 12 As part of an ongoing cohort study of 1799 women diagnosed by community pathologists with possible complex endometrial hyperplasia with or without atypia (identified through automated pathology records), we reviewed the index biopsy and subsequent endometrial samples (including normal endometrium, simple, complex, atypical hyperplasia, and carcinoma) for 2601 specimens. Diagnostic agreement was evaluated between review panel pathologists. Each case was scored for a variety of factors related to specimen quality, quantity, and diagnostic criteria to elucidate features associated with diagnostic disagreement.
MATERIALS AND METHODS
As part of the Endometrial Hyperplasia Outcomes (ECO) cohort study, 2601 endometrial specimens underwent pathology review. Women aged 18 to 88 years, with a possible diagnosis of complex endometrial hyperplasia with or without atypia, were identified through records from January 1, 1985 to April 1, 2005 from automated pathology databases at Group Health in Washington State. To maximize the number of hyperplasia specimens and mimic how patients were most likely to be clinically classified, diagnoses with indefinite wording such as ''cannot rule out'' or ''at least'' were included in the pathology review and categorized as the higher grade diagnosis, with the exception of specimens with a diagnosis of ''atypia cannot rule out low-grade carcinoma,'' which were included as possible atypical hyperplasias. Women initially diagnosed with endometrial carcinoma were excluded. Both index diagnostic specimens (1799 specimens) and all follow-up specimens (702 specimens) were included in the randomized, blinded pathology review. A total of 2418 specimens were biopsies or curettages and 183 were hysterectomies.
Each case was independently reviewed by 2 pathologists, with additional independent review by a third pathologist in cases with diagnostic disagreement. Cases were assigned a final diagnosis on the basis of the majority diagnosis. If there was no majority diagnosis, the senior pathologist (R.L.G.) reviewed the 3 diagnoses and selected the ''middle category'' diagnosis. Final diagnosis was classified as simple hyperplasia, complex hyperplasia, atypical hyperplasia, carcinoma, or ''no hyperplasia'' (specified as proliferative, normal secretory, atrophic/inactive, or shedding/menstrual). Carcinomas were graded according to the International Federation of Gynecology and Obstetrics (FIGO) system. 19 All cases diagnosed using WHO criteria as endometrial hyperplasia or endometrial carcinoma were scored for degree of glandular crowding, architectural complexity, and cytologic atypia. In addition, sample adequacy, volume of hyperplastic tissue, and presence of metaplasia or endometrial polyp were noted. Appendix 1 summarizes the criteria used for this scoring system. All 3 pathologists are academic pathologists. The 2 primary reviewers have a subspecialty focus in gynecologic pathology (K.H.A. and R.L.G.). R.L.G. and C.D.J. have each had over 10 years experience in practice and K.H.A. was a fellow in gynecologic and breast pathology at the study onset and became faculty during the study. Pathologists reviewed an initial pilot series of cases together to establish definitions for the features scored (Appendix 1) and pathologists were instructed to use the current WHO criteria in establishing a diagnosis; thereafter cases were reviewed independently. Initial pilot studies on 38 specimens for reviewer R.L.G. resulted in no intraobserver variability. Pathologists were blind to community-based diagnosis and all clinical information with the exception of patient age. Index and follow-up biopsies were randomly mixed for review.
Information regarding demographics (age and race), reproductive, medical and family history, and physical characteristics, including height and weight at the time of the index biopsy, were collected from the Group Health medical record; a single document containing all records from outpatient visits, test reports, and records of hospitalizations and consultations.
The k statistic was used to measure interreviewer agreement. 13 Kappa values were computed using STATA 9.2 (StataCorp, College Station, TX). Percent agreement was computed as the number of specimens where the 2 reviewers agreed exactly divided by the total number of eligible specimens. Overall weighted k and weighted agreement were computed for by ordering the diagnoses as follows: no hyperplasia, simple hyperplasia, complex hyperplasia, and hyperplasia with atypia and carcinoma. The following standard weights in STATA 9.2 were used: 1.0 for perfect agreement, 0.75 for adjacent categories, 0.5 for diagnosing 2 categories away from each other, 0.25 for those 3 categories away, and 0 for all others. Kappa values for individual diagnoses were computed by collapsing the data into 2-by-2 tables (agreed on a diagnosis, either reviewer disagreed on this diagnosis, both agreed the specimen was some other diagnosis) as described by Fleiss. 5 Percent-specific agreement was computed for individual diagnoses instead of percent agreement overall to avoid giving inappropriate weight to the large category in each table where both reviewers agreed the specimen was ''some other diagnosis.'' 5 P values for the difference between proportions were computed using the PEPI program ''Differ.'' 1 In the data analysis for Tables 4 to 6, cases where both reviewers diagnosed no hyperplasia or either reviewer diagnosed ''cannot rule out hyperplasia,'' ''inadequate sample,'' or ''nondiagnostic'' were excluded because they were not scored for volume of hyperplasia or the presence of specific diagnostic criteria.
RESULTS
A total of 1799 women were included in the study cohort population. Clinical characteristics of the cohort are summarized in Table 1 . The most common age range was 45 to 54 years. Most of the women were white and it was most common to have a body mass index of 30 kg/m 2 or greater. The 2 primary pathologists reviewed a total of 2601 specimens with 577 (22.2%) resulting in diagnostic disagreement, which went to review by the third pathologist. Final panel diagnosis resulted in 1829 ''no hyperplasia or simple hyperplasia'' diagnoses, 396 ''complex hyperplasia,'' 288 ''atypical hyperplasia,'' 54 ''adenocarcinoma,'' and 34 ''other'' (inadequate, nondiagnostic or cannot rule out hyperplasia) ( Table 2) .
Overall diagnostic agreement between the 2 main panel pathologists was 91.1% (weighted percent agreement), with a weighted k of 0.71 (Table 3) . Disagreements resulting in a third review were most frequent when one pathologist diagnosed complex hyperplasia and the other diagnosed complex hyperplasia with atypia (29.2% of cases with disagreement). Most disagreements were within one diagnostic category of each other, with a small percent (9.3%) of disagreements significant up or downgrades from no hyperplasia or simple hyperplasia to atypical hyperplasia or carcinoma or vice versa.
Diagnostic trends between the 2 primary pathologists are shown in Figure 1A . Pathologist A was more likely to diagnose atypical hyperplasia or carcinoma whereas pathologist B was more likely to diagnose complex, simple, or no hyperplasia. But overall diagnostic trends were similar. Diagnostic trends for cases sent to pathologist C are shown in Figure 1B . Reviewer C agreed with 43.9% of pathologist B's and 27.7% of pathologist A's diagnoses. Reviewer C also had a similar frequency of diagnosing carcinoma as reviewer B. However, reviewer C diagnosed atypical hyperplasia more often than reviewer B.
Diagnostic agreement by the panel for each WHO category is shown in Table 3 . Agreement was highest for no hyperplasia and lowest for simple hyperplasia. Agreement for complex and atypical hyperplasia was fair (k = 0.21 and 0.35), and agreement for adenocarcinoma was moderate (k = 0.55). There were no statistically significant differences in agreement for index verses follow-up specimens. Association of the quantity of diagnostic material present in each case with diagnostic disagreement is presented in Table 4 . Cases with specimen adequacy scored by either pathologist as ''scant'' had more diagnostic disagreement than those scored ''moderate'' or ''abundant'' (P = 0.013). In addition, a low volume of hyperplastic tissue present was significantly associated with diagnostic disagreement with (P<0.0001). Cases with a high volume of hyperplasia had the least amount of diagnostic disagreement (38.8%). Nonhysterectomy and hysterectomy specimens had similar diagnostic disagreement (P = 0.51).
Cases with diagnostic disagreement were more likely to disagree on all 3 histologic features evaluated than cases with diagnostic agreement ( Table 5 ). Almost half (47.3%) of the cases with diagnostic disagreement had disagreement on the degree of cytologic atypia, compared with 16.1% of the cases with diagnostic agreement (P<0.0001). Cases with disagreement about the degree of glandular crowding included 33.5% of cases with diagnostic disagreement, compared with 21.1% of the cases with diagnostic agreement (P<0.0001). Cases with disagreement about the degree of architectural complexity included 31.3% of cases with diagnostic disagreement, compared with 22.1% of the cases with diagnostic agreement, (P = 0.005). See Figure 2 for the histology of examples of cases with diagnostic disagreement.
''Complicating factors'' such as the presence of a polyp or abundant metaplasia were also investigated for their effect on agreement. There was greater diagnostic disagreement when features of a polyp were noted by one of the pathologists. Of 230 cases where a polyp was noted to be present, 164 (71.3%) also had diagnostic disagreement compared with 521 of 931 cases (56%) where no polyp was noted (P<0.0001). However, there was only a suggestion of increased diagnostic disagreement when metaplastic changes were noted by one of the pathologists (66.2% of cases noted to have metaplasia had diagnostic disagreement compared with 58% of cases not noted to have metaplasia, P = 0.083).
DISCUSSION
With 2601 specimens reviewed, to our knowledge, this study is the largest blinded review of the reproducibility of the 1994 WHO endometrial hyperplasia classification scheme to date. Our overall agreement (k = 0.71), was similar to other studies which have k values ranging from 0.2 to 0.7, Table 6 . 2, 11, 20, 25 Our agreement was lowest for the diagnosis of simple hyperplasia (k = 0.16) and highest for ''not hyperplastic'' endometrium (k = 0.76). Because of the high percentage of specimens with a final diagnosis of no hyperplasia, our overall agreement was inflated by our high agreement for nonhyperplastic specimens. In fact when no hyperplasia cases were excluded our overall agreement was significantly lower (k = 0.36, specific agreement 80.6%). However, one might argue that having high numbers of nonhyperplastic specimens admixed with a variety of hyperplastic specimens is more analogous to actual clinical practice settings.
Although previous studies are not directly comparable due to differences in initial case selection and review panels, our agreement for specific diagnostic categories was similar both Zaino's 2006 prospective Gynecologic Oncology Group (GOG) study and Bergeron's 1999 European multi-institution study for the categories of nonatypical hyperplasia, atypical hyperplasia, and adenocarcinoma (Table 6 ). With k values for agreement on atypical hyperplasia, a key diagnostic clinical decision point, as low 0.2 to 0.3 for ''expert'' gynecologic pathologists, there is clearly an issue with the reproducibility of the current WHO diagnostic scheme.
With specialists having so much trouble agreeing, it is not surprising that there is frequent disagreement between specialists and community pathologists. In Zaino's GOG study the majority review panel diagnosis supported the referring institution diagnosis in only 38% of cases submitted as atypical hyperplasia. 25 In our study, the final review panel diagnosis and the initial outside diagnostic categorization were not directly comparable, because the method of initial diagnosis categorization was intended to maximize the number of possible cases of complex and atypical hyperplasia selected for review (see Methods). Given our bias toward categorization of the initial diagnosis to a higher grade diagnostic category, it was not surprising that we had trends toward downgrading the initial diagnostic category by the review panel final diagnosis (data not shown). However, for the above reasons, agreement with the ''original diagnosis'' was not considered of value in this study.
What are the factors that cause diagnostic disagreement? Our study is the first of its kind to systematically investigate the contribution of sample adequacy, interpretation of key histologic features, and the presence of complicating features (polyps and metaplasias) to diagnostic disagreement.
Clearly, problems with adequate sampling are an issue beyond effecting diagnostic agreement, with other studies showing the rates of finding ''concurrent'' carcinoma in hysterectomy specimens with a review panel diagnosis of normal or nonatypical hyperplasia as high as 19%. 25 But, with a given amount of diagnostic tissue, how do the amount of total tissue present for evaluation and the total amount of hyperplastic tissue present effect diagnostic agreement? In our study, specimens categorized by either pathologist as scant (<0.5 cm 3 ) or ''low volume'' of hyperplastic tissue were significantly more likely to have disagreement about the diagnosis (Pr0.013 and Pr0.0001, respectively). This implies that specimens that have either a minimal amount of diagnostic tissue total (sample borders on inadequate), or samples that have only a very focal amount of hyperplastic tissue in otherwise normal endometrium, should be reviewed with caution. These samples may warrant a comment about the small amount of diagnostic tissue present and the uncertainty in the diagnosis and request additional sampling. Zaino et al 25 suggest similar findings related to sample adequacy, with greater diagnostic reproducibility for dilation and curettage specimens than office biopsy or curettage methods. Interestingly, we did not find a statistically significant difference in diagnostic agreement between hysterectomy and nonhysterectomy specimens, possibly because even hysterectomies can have very low volumes of hyperplastic tissue, which can decrease diagnostic agreement.
Although sampling is an issue that can be controlled by recommending additional tissue, the lack of objectivity in applying multiple diagnostic criteria to establish a diagnosis is more challenging. The histologic features referred to in the WHO as useful in establishing a diagnosis include ''architectural changes,'' ''shift in the gland to stoma ratio,'' and ''cytologic atypia.'' 21 However, strict definitions of these features and the criteria used to establish a specific WHO diagnosis are not spelled out in great detail. Architectural changes said to be characteristic of complex hyperplasia include ''irregular epithelial budding'' and ''increased gland complexity,'' which is not further defined. A ''shift in gland to stroma ratio in favor of the glands'' is noted by the WHO to be a feature of complex hyperplasia as well but a strict threshold is not set. The endometrial intraepithelial neoplasia (EIN) scheme used by Mutter and colleagues 16 is more specific, using a volume percent stroma of less than 55% (area of glands>stroma) as one of the diagnostic criteria for a diagnosis of EIN. But it is the subjective interpretation of the presence of cytologic ''atypia'' in the WHO scheme that seems to be most problematic. In fact, the WHO specifically states ''definitions of cytologic atypia are difficult to apply in the endometrium because nuclear cytologic changes occur frequently in hormonal imbalance, benign regeneration, and metaplasia.'' 21 The WHO describes nuclear rounding, loss of polarity, prominent nucleoli, irregular nuclear membranes, and cleared or dense chromatin as features of cytologic atypia but acknowledges that atypia may be best observed by comparison with the adjacent normal glands. The EIN scheme avoids using a descriptive definition of cytologic atypia and instead uses distinct cytology in the architecturally crowed focus that is different from background. 16 Given the fairly loosely defined WHO diagnostic criteria, we were interested in determining if disagreement about the presence of key histologic features was a major factor in whether there was agreement about a specific WHO diagnosis.
Other studies have evaluated which histologic features could most aid recognition of cytologic atypia or architectural complexity. Kendall et al 11 found ''gland crowding'' significantly associated with a diagnosis of complex hyperplasia whereas nucleoli was the only feature significantly associated with a pathologist calling a case atypical. Bergeron et al 2 also found the presence of gland crowding most significantly associated with a diagnosis of hyperplasia whereas ''nuclear pleomorphism'' was most significantly associated with classification as atypical. However, others have not investigated how concordance on the presence of certain histologic features specifically effect diagnostic agreement. Because our study did not include outcomes, we did not intend to define which features were more predictive of risk of carcinoma, but merely to investigate if we could agree on the presence of defined features and if disagreement of their presence effected agreement on final diagnosis.
In our study, cases with diagnostic disagreement were also more likely to disagree on specific key histologic features such as ''architectural complexity,'' ''glandular crowding,'' and ''cytologic atypia,'' than cases with diagnostic agreement, indicating variable application of ''defined'' histologic features to formulate a diagnosis. Cytologic atypia was the feature most often disagreed on and had the largest difference between cases with disagreement versus agreement (47.3% of cases with diagnostic disagreement also disagreed on the presence of cytologic atypia, vs. 16.1% of cases with diagnostic agreement). Although our study only reflects the agreement between 2 pathologists, the poor reproducibility of atypical hyperplasia in previous studies supports these findings. 2, 25 Given that the presence of atypia is currently considered the best predictor of outcome in the WHO scheme, this finding calls into question the reliability of using atypia as it is currently defined (and variably interpreted) as a breakpoint for diagnostic categories.
The final factors we investigated as possible causes of diagnostic disagreement were ''complicating'' histologic features-the presence of features of a polyp or metaplasia. Because polyps tend to be less hormone responsive they can have more irregularly distributed glands with areas of crowding and have various metaplastic cytologic changes that can make differentiation of ''normal'' polyp from a polyp with areas of hyperplasia challenging. We did find a significant association with diagnostic disagreement in specimens where either pathologist had noted there were features of a polyp present (N = 230, P<0.0001). Better criteria are needed to distinguish changes in polyps that should be considered higher risk, neoplastic lesions. In addition, when crowding or cytologic changes are limited to a polyp, a comment as to the unclear significance of the changes may be warranted.
The presence of metaplastic changes, or ''epithelial cytoplasmic change,'' in the endometrium varies from squamous, to tubal, to repair-associated eosinophilic syncytial change. The presence of extensive metaplasia can complicate the diagnosis of hyperplasia by making glands look more crowded (especially in extensive squamous metaplasia) or cytologically atypical. To complicate matters further, metaplastic changes are often associated with hyperplasias. We did note greater diagnostic disagreement when either pathologist noted the presence of metaplasia, however, this did not reach statistical significance (P = 0.083). This may have occurred because noting the presence of metaplasia was an optional part of the scoring form. In fact, of the 10 cases called ''cannot rule out hyperplasia,'' the most common reason noted was extensive metaplastic changes. Metaplastic changes are histologic features to be aware of as a possible pitfall in diagnosing endometrial hyperplasia but, while metaplasia was commonly associated with a diagnosis of cannot rule out hyperplasia, it was not a major cause of diagnostic disagreement in this study.
Additional studies to establish more reproducible criteria for endometrial hyperplasia that are also predictive of progression to carcinoma are needed.
Various alternate diagnostic schemes have been proposed. Bergeron et al 2 proposed combining simple and complex hyperplasia into a single ''hyperplasia'' group and combining atypical hyperplasia with a subset of welldifferentiated carcinomas into an ''endometrial neoplasia'' group. This scheme has the advantage of combining lesions that are treated in a similar way but its diagnostic utility has not been investigated. Mutter and colleagues [14] [15] [16] [17] [18] have more thoroughly investigated another scheme that was developed from molecular, histomorphometric, and outcome data which separates precancerous neoplastic ''endometrial intraepithelial neoplasia'' from ''benign endometrial hyperplasia'' due to the presumed influence of unopposed estrogens. 8 However, while this system has the advantage of strong correlation of EIN with clonal populations, it is still unclear if this broad category can be further refined into high-risk neoplasms that are likely to persist or progress to invasive carcinomas despite treatment with progestins versus lower risk neoplastic populations that may be spontaneously shed or regress with progestin therapy.
In conclusion, our study, the largest of its kind to date, confirms previous findings related to the poor reproducibility of the current WHO endometrial hyperplasia classification system. In addition, our findings suggest that diagnostic disagreement is due both to inability to agree on the presence of various key histologic features and the amount of diagnostic tissue present. We suggest that in the clinical setting specimens with limited amounts of diagnostic tissue (either low volumes of diagnostic hyperplastic tissue or overall scant specimens) should be interpreted with caution and that recommending additional tissue should be considered. Setting a threshold for amount of diagnostic tissue present necessary for a definitive diagnosis could improve diagnostic agreement and decrease the rates of immediate hysterectomies for this usually low-grade neoplastic process. Given the poor reproducibility of the diagnosis of endometrial hyperplasia, studies examining outcomes in this field may also want to consider limiting their cases to those that have diagnostic agreement among reviewing pathologists or at least have a minimum threshold of diagnostic tissue present. Using stricter criteria for outcome studies will help give a clearer picture of the natural history of endometrial hyperplasia and perhaps shed more light on which lesions are truly higher risk.
APPENDIX 1

Scoring of Hyperplasia Cases
Adequacy of sample Scant endometrial tissue (<0.5 cm 3 ) Moderate endometrial tissue (>0.5 cm 3 , 1 block) Abundant endometrial tissue (>1 block) Volume of hyperplasia Low (<0.5 mL) High (>0.5 mL) Degree of glandular crowding Low (gland:stroma ratio >50:50 but <80:20) High (gland:stroma ratio >80:20) Architectural complexity Low (focal architectural complexity without marked branching, cribriforming, or back to back glands) High (severe architectural complexity-marked branching, cribriforming, or back to back glands) Cytologic atypia Absent (no significant cytologic atypia; similar to ''normal'' endometrium in same specimen) Present (significant cytologic atypia-rounding of nuclei, loss of polarity, prominent nucleoli, nuclear pleomorphism) Metaplasia Present Features of polyp Present
